Right ventricular function before and during 10 days of mild pressure loading (10 mm Hg increase in mean pulmonary arterial pressure) was compared with right ventricular function in unloaded near-term fetal sheep. Pressure loading did not alter fetal arterial blood gases or vascular pressures. The right ventricular function curve (stroke volume versus mean right atrial pressure) was not significantly altered by loading. However, the relation between right ventricular stroke volume and increased arterial pressure was dramatically shifted upward, indicating improved ventricular function after the 10-day loading period. Normalized free wall of the loaded right ventricles became thicker (1.2 +0.2 versus 0.9 ±0.2 mm/kg, p <0.01) and heavier (2.7±0.4 g/kg versus 2.2 +0.4 g/kg, p<0.05) than control, and the ratio of the equatorial radius of curvature to wall thickness decreased (3.2+±0.5 versus 4.5+± 0.9, p<0.005). Left ventricular free wall and septal weights and thicknesses were not significantly changed. The in vitro diastolic pressure-volume curves of both ventricular chambers of loaded hearts shifted to the left, indicating smaller ventricles than controls at physiological filling pressures. These data suggest the transduction of right ventricular loading effects to the left ventricle. Improved right ventricular function after loading is predicted by the law of Laplace based on the decreased radius of curvature-to-wall thickness ratio. (Circulation Research 1991;68:947-957) T he two fetal heart ventricles develop in a hemodynamic environment with similar filling pressures' and similar arterial pressures.2 It is not surprising, therefore, that fetal physiologists took the view, common since Harvey,3 that the fetal ventricles must be similar in form and function.4 However, recent data indicate that the fetal ventricles may be importantly different from each other both in anatomic arrangement and functional capability. It is now known that the fetal right ventricle in the lamb provides two thirds of the biventricular cardiac output2'5 and that the right ventricular function curve relating stroke volume to mean filling pressure is situated above the left ventricular function curve.'6,7 Fetal right ventricular dominance may be related to common atrial pressures and the position of the right ventricular pressure-volume curve to the right of the left ventricular curve,89 providing a larger right ventricular than left ventricular enddiastolic volume.
Right ventricular function before and during 10 days of mild pressure loading (10 mm Hg increase in mean pulmonary arterial pressure) was compared with right ventricular function in unloaded near-term fetal sheep. Pressure loading did not alter fetal arterial blood gases or vascular pressures. The right ventricular function curve (stroke volume versus mean right atrial pressure) was not significantly altered by loading. However, the relation between right ventricular stroke volume and increased arterial pressure was dramatically shifted upward, indicating improved ventricular function after the 10-day loading period. Normalized free wall of the loaded right ventricles became thicker (1.2 +0.2 versus 0.9 ±0.2 mm/kg, p <0.01) and heavier (2.7±0.4 g/kg versus 2.2 +0.4 g/kg, p<0.05) than control, and the ratio of the equatorial radius of curvature to wall thickness decreased (3.2+±0.5 versus 4.5+± 0.9, p<0.005). Left ventricular free wall and septal weights and thicknesses were not significantly changed. The in vitro diastolic pressure-volume curves of both ventricular chambers of loaded hearts shifted to the left, indicating smaller ventricles than controls at physiological filling pressures. These data suggest the transduction of right ventricular loading effects to the left ventricle. Improved right ventricular function after loading is predicted by the law of Laplace based on the decreased radius of curvature-to-wall thickness ratio. (Circulation Research 1991;68:947-957) T he two fetal heart ventricles develop in a hemodynamic environment with similar filling pressures' and similar arterial pressures.2 It is not surprising, therefore, that fetal physiologists took the view, common since Harvey,3 that the fetal ventricles must be similar in form and function. 4 However, recent data indicate that the fetal ventricles may be importantly different from each other both in anatomic arrangement and functional capability. It is now known that the fetal right ventricle in the lamb provides two thirds of the biventricular cardiac output2'5 and that the right ventricular function curve relating stroke volume to mean filling pressure is situated above the left ventricular function curve. '6,7 Fetal right ventricular dominance may be related to common atrial pressures and the position of the right ventricular pressure-volume curve to the right of the left ventricular curve,89 providing a larger right ventricular than left ventricular enddiastolic volume.
Ventricular output falls as afterload (i.e., wall stress) increases because of the inverse relation between stress and shortening. The role of arterial pressure as a determinant of fetal stroke volume has been investigated in our laboratory",6'7 and others. 10 1" In all of these studies, arterial pressure increase has a significant negative effect on fetal ventricular stroke volume whether the ventricles were studied together or separately or whether pressure was manipulated by drugs or occluders. Comparing the responses of the two ventricles to equal increases in arterial pressure in the physiological range shows that the right ventricular stroke volume falls as much as five times more than left ventricular stroke volume."6'7 Anatomic investigation demonstrates that although the wall thicknesses and weights of the two ventricles are similar, the circumferential radius-to-wall thickness ratio is much greater for the right ventricle than the left ventricle.9 Because of geometric differences between the ventricles, wall stress (i.e., afterload) would be greater in the right ventricle at similar transmural systolic pressures, and this finding may explain the functional differences cited above. Greater right than left ventricular afterload in the fetus also may explain the recent findings of larger right than left ventricular myocytes in fetal and newborn lambs.12 Because the right ventricle in the fetus develops functionally and morphologically in a dissimilar man-ner from the left ventricle, it is important to determine the chronic effects of altered filling and arterial pressures on each fetal ventricle separately. Accordingly, the purpose of this study was to determine whether mild pressure loading of the right ventricle would selectively affect the geometric determinants of afterload in the right ventricle of the ovine fetus and whether functional alterations would follow. Ventricular function was assessed by generating filling pressure-stroke volume and arterial pressurestroke volume relations during cardiac autonomic blockade. The determinants of these relations are the size and shape of the ventricle as well as contractility and arterial impedance. Although not separately measured, we assume that contractility and arterial impedance changes are not important in this study.
Materials and Methods Animals and Surgical Procedures
Time-bred pregnant ewes of mixed Western breeds and their fetuses were operated on in a fashion similar to previously published proto-cols2, 6, 13, 14 and in accordance with our institutional animal care committee. The experimental animals were 122±5 (mean±SD) days and the control animals 123 +4.5 days gestation at surgery. Maternal and fetal anesthesia was induced by methohexital sodium and maintained with halothane and N20. Figure 1 shows the surgical preparation. From the neck, 1.7or 1.3-mm o.d. polyvinyl chloride (PVC) catheters were advanced to the right atrium and to the aorta. Through a left third interspace thoracotomy, the pericardium was opened over the main pulmonary artery. A 10-mm inflatable vascular occluder (In Vivo Metrics, Inc., Healdsburg, Calif.) was placed around the pulmonary artery. A 1.3-mm o.d. PVC bevel-tipped catheter with a 1.7-mm o.d. PVC outer catheter cuff was inserted into the proximal pulmonary artery. An electromagnetic flow sensor (C&C Instruments, Culver City, Calif.) was placed between the proximal catheter and distal inflatable occluder. A catheter with side holes was placed in the pericardial space. The pericardium was left open. The chest was closed in layers. All catheters were anchored to the fetal skin, as was an amniotic catheter, before they exited the uterus. The catheters exited on the ewe's dorsal flank. After the operation, ewes were placed in a clean recovery pen for several days before experiments were begun. The average recovery after surgery was 6±2 days for experimental animals and 4.5 ±0.6 days for control animals.
Laboratory Procedures
On experimental days, ewes were placed in a stanchion cart and given food and water. Catheters were connected to Statham-Gould pressure transducers (Gould, Inc., Oxnard, Calif.); outputs were recorded continuously on an R612 Dynograph (Beckman Instruments, Inc., Schiller Park, Ill.) or Gould eight-channel recorder and were digitized by CA FIGURE 1. Diagrammatic representation of surgical preparation offetal sheep for chronic pressure-loading experiments. A polyvinyl catheter was placed in the pulmonary artery (PA) proximal to an electromagnetic flow sensor (EMF) and an inflatable balloon occluder (OCC). Catheters also wereplaced in the carotid artery (CA), right atrium (RA), and pericardial space (PC). Ao, aortic isthmus; DA, ductus arteriosus; LA, left atrium; SVC, superior vena cava. a 3437A A/D voltmeter and 9826S computer system (Hewlett-Packard, Fort Collins, Colo.). Electromagnetic flow sensors were calibrated in vitro using blood and excised ovine vessels. During experiments, the flowmeter was adjusted to zero in diastole. Heart rate was determined by cardiotachometer and stroke volume as the quotient of flow and rate. All computer outputs were verified against original polygraph records. Animals were admitted to the study on the first experimental day if they met our criteria for well-being (Po2.17 mm Hg, Pco2.50 mm Hg, and pH.7.35).
Experimental Design
Control data were collected on the first experimental day. Right ventricular pressure then was increased by inflating the pulmonary artery occluder to increase mean pulmonary artery pressure by a nominal 10 mm Hg (Figure 2 ). With experience, we learned that this pressure loading caused a characteristic "rounding out" of the right ventricular systolic flow curve ( Figure 2 ). Each day the electromagnetic flow curve was evaluated, and the occluder cuff was adjusted if necessary to maintain the load. The average pulmonary artery pressure on day 10 and 48 mm Hg after release of the occluder. Therefore, the pulmonary artery occluder provided a relatively constant systolic pressure load on the right ventricle. After 4-6 days (nominal day 5) the occluder was released, and all measurements were repeated. The average interval was 4.4±0.8 days for experimental animals and 5.7±0.6 days for control animals. The occluders again were chronically inflated to load the right ventricles by a nominal 10 mm Hg. On day 10, all measurements again were recorded. The average total duration of loading was 10±2 days for experimental animals and 10+1.6 days for control animals. Control animals were prepared and studied identically except that the pulmonary artery occluder was not inflated between studies. The fetal weights at autopsy were 4.0+0.6 kg for experimental animals and 4.1±+1.8 kg for control animals.
Experimental Protocol
On each experimental day, initial blood gas values and hemodynamic measurements were made with the animals under resting conditions. To minimize the effects of autonomic compensatory mechanisms, propranolol (1 mg/kg) and atropine (0.5 mg/kg) were administered. These doses have been shown to be effective in previous studies.6 Blood gas and hemodynamic measurements then were taken. Right ventricular function was studied in "blocked" fetuses by generating right ventricular function curves15 relating stroke volume to mean right atrial transmural pressure.6 Blood was withdrawn rapidly from the fetus until right atrial pressure was less than 1 mm Hg and then was reinfused rapidly with additional Ringer's solution until right atrial pressure was 10 mm Hg. Then, while right atrial pressure remained elevated, right ventricular stroke volume was measured continuously while the pulmonary artery occluder was gradually inflated over 1-2 minutes. Data points were included in the analysis over a wide range of pressure (50-80 mm Hg). If there was a precipitous drop in flow near total occlusion, these points were not included.
On completion of the day 10 experiment, the ewes were injected with a lethal dose of a commercial 
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euthanasia solution that crosses the placenta (Beuthanasia-D, Burns-Biotec, Omaha, Neb.). The fetal heart was arrested with potassium chloride, and pressure-volume relations for both ventricles were obtained by a method previously described.9 Briefly, the heart was removed and cooled. The pericardium was incised circumferentially at the base of the heart so that it could be removed while remaining attached posteriorly. The left and right coronary arteries were cannulated. The aortic valve was sealed with silicone rubber, and the pulmonary artery was ligated near the valve. D-shaped, nondistorting dual lumen plugs were sized for each atrioventricular annulus and secured in place. One port of each plug was connected to a Statham-Gould calibrated pressure transducer. The second port from one plug was connected to a constant-flow syringe pump, while the second port from the other ventricular plug was connected to a reservoir providing a static contralateral filling pressure. At room temperature, the pressure-volume relation was recorded while the ventricle was distended from zero volume by constant infusion at approximately 1 ml.sec-, stopping at 25 mm Hg. Ventricular pressure-volume relations were obtained with and without the pericardium in place and with the contralateral pressure at a nominal 0 and 10 mm Hg. The first tested condition was repeated at the end of the data collection period to detect any changes over time. Data were not accepted unless the first and last curves were superimposable by inspection on the computer screen; a shift would indicate that rigor was present. Likewise, if a fluid leak was encountered, data were not accepted. Chamber volumes were normalized by fetal weight and combined for all animals for each condition.
Immediately after pressure-volume data were collected, the two ventricles were distended to a nominal 5 mm Hg. A solution of 2.5% gluteraldehyde in 0.1 M phosphate buffer, pH 7.4, was perfused through the coronary cannulas for 1-2 hours (50 mm Hg), fixing the ventricles at normal diastolic filling pressures and coronary perfusion pressures.2 After fixation, a lowviscosity liquid casting medium was instilled into the chambers. The degassed casting medium was a 50:50 mixture of Microfill (Canton Biomedical Products, Boulder, Colo.) and RTV 1602 (Transene Co., Inc., Rowley, Mass.). External measurements were taken of the hearts with the casts inside as described before.9 '16 The myocardium was separated into the right and left ventricular free wall and septum using a method similar to that of Fulton et al17 and St. John Sutton et al. 18 The parts were blotted and weighed. The casts themselves provided internal chamber measurements, analogous to the external measurements, as well as additional measurements.
The parts of ventricles then were reassembled using cyanoacrylate adhesive. The ventricles were serially sectioned, and cuts from one quarter, one half, and three quarters the distance from the atrioventricular groove to the apex were selected for analysis. These cross sections were projected and magnified x 4. The outer and inner chamber outlines were digitized on a graphics tablet (Hewlett-Packard 9111A). The radius of curvature for each free wall was the average of the inner and outer radii of curvature. These were defined by locating a center of curvature that minimized the sum of the residuals of the distance between the center and each digitized point along the given free wall perimeter. The free wall thickness was defined as the area of the free wall divided by the average perimeter. Thickness was measured on the middle transverse cut by hand as well at three to five equally spaced locations for each free wall and the septum.
Statistical Analysis
Hemodynamic data from 5 and 10 days of right ventricular loading were compared with the control day data. Pressures, right ventricular output, and heart rate under unblocked and blocked conditions were compared by factorial analysis of variance. The relation of right ventricular stroke volume as a function of filling pressure was compared between control and 5 and 10 days of loading by analysis of covariance of the composite ascending and plateau slope portions of the biphasic curves and by analysis of variance of the breakpoint right ventricular stroke volume and right atrial pressure. The relation of right ventricular stroke volume as a function of arterial pressure was compared between control, day 5, and day 10 of loading by one-way analysis of covariance of the previously described stroke volume versus mean pulmonary artery pressure relations. Pressure-volume relations for seven fetal hearts loaded for 10 days were compared with eight unloaded fetal hearts by analysis of covariance of log-transformed pressure-volume data under corresponding conditions. Morphometric data from the seven experimentally loaded fetal hearts were compared with 10 unloaded hearts by the t statistic.
Results
Reported here are results from 11 chronically instrumented fetal lambs, seven of which were subjected to pressure loading and four of which were not and served as controls. In addition, in vitro pressurevolume data and ventricular morphometric measurements of the seven loaded animals are compared with 10 normal animals reported previously.9 Two animals were not time bred, but their ages were estimated from a fetal weight-gestational age nomogram. 19 The gestational age at surgery, chronology of hemodynamic data collection, and fetal weights at autopsy were not different between the loaded and control animals. Fetal carotid arterial blood gases, pH, and hematocrit are shown for loaded and control animals in Table 1 . Mild pulmonary artery occlusion in the loaded group did not affect these variables over the 10 days of observation. 
Baseline Hemodynamics
Hemodynamic values obtained on each experimental day before evaluation of right ventricular function are shown in Table 2 . Measurements were made with the pulmonary artery occluder uninflated before and after cardiac autonomic blockade with atropine and propranolol. Right ventricular output and stroke volume were normalized to fetal weight at the time of study estimated from autopsy weight and the fetal weightgestational age nomogram.19 There were no changes in any of the parameters measured over the 10 days of loading; however, cardiac autonomic blockade produced a small but statistically significant increase in mean carotid arterial pressure. Hemodynamic data in the four control animals were similar and unchanged over the 10 days of observation. At day 0 and day 10, respectively, unblocked right atrial pressure was 3.4+2.4 and 3.0±1.0 mm Hg, pulmonary artery pres-sure was 47.2± 3.1 and 51.0±9.1 mm Hg, heart rate was 165±21 and 169±12 min-1, and stroke volume was 1.16+0.21 and 0.93±0.31 ml.kg-1.
Right Ventricular Function
Right ventricular stroke volume as a function ofmean right atrial pressure. Composite function curves relating right ventricular stroke volume to mean right atrial pressure for the seven loaded animals are shown in Figure 3 . The composite curves were computed from linearized individual function curves shown in the inset of Figure 3 as described in "Materials and Methods" and previous reports. 17 Neither the ascending nor plateau limbs nor the break point of these curves was altered by 10 days of mild pulmonary hypertension.
Right ventricular stroke volume as a function ofmean pulmonary artery pressure. A polygraph record of the response of the right ventricle to progressive pulmonary artery occlusion over 30 seconds is shown in Figure 4 . The inverse relation between pulmonary artery pressure and right ventricular flow was readily apparent, and in the presence of cardiac autonomic blockade, other hemodynamic parameters were unchanged. Computed 5-second averages of pressure and stroke volume during a slower pulmonary artery occlusion are plotted in Figure 5 for the same animal. The inverse linear relation between right ventricular stroke volume and mean pulmonary artery pressure was readily quantified by regression. Data from the seven loaded and four control animals were grouped to determine the effect of continued loading on right ventricular function. To minimize interanimal variability, stroke volume was nary artery pressure was unchanged over 10 days in control animals but was progressively shifted upward over 10 days of mild pulmonary artery occlusion. The lack of variability of the stroke volume-arterial pressure relation in a single control animal studied five times over 14 postoperative days is shown in Table 3 . Ventricular Pressure-Volume Relations The pressure-volume curves of six potassium-arrested ventricles with 10 days of mild pulmonary hypertension were compared with normal hearts from a previous study9 (see Figure 7) . All curves shown are with the contralateral ventricle filled at a pressure of 10 mm Hg and with the pericardium in place. Ten days of mild pulmonary hypertension caused a shift of the right ventricular pressurevolume relation to the left, resulting in a smaller ventricle at physiological filling pressures. Surprisingly, the same result was noted for the left ventricle, which did not face altered arterial pressure. The restricting effects of the pericardium and increased contralateral ventricular pressure also were demonstrable by significant shifts in the pressure volume curves in the loaded animals as previously described for controls.9 Although the data are presented only for contralateral pressure of 10 mm Hg and pericardium in place, the loaded ventricles were smaller than the control ventricles regardless of whether the studies were compared with the pericardium on or off or the contralateral ventricular pressure at 0 or 10 mm Hg.
At Ed

Ventricular Macroscopic Morphometry
Morphometric measurements for 10 normal ventricles from a previous study9 were compared with 30 (mmHg ) seven hearts with mild pulmonary hypertension (see Table 4 ). Because the experimental group weighed slightly more than the control group, normalization for body weight was necessary to bring the measurements into proper statistical perspective. Ventricular volumes were obtained from cast weights as described in "Materials and Methods." Although there was a trend for smaller right and left ventricular volumes normalized for weight in the experimental group, statistical significance was not reached. Right Normalized Volume (ml/kg) FIGURE 7 . Pressure-volume relations of K'-arrested fetal hearts in vitro. Curves were made by rapidly infusing isotonic saline into left ventricular (LV) and right ventricular (RV) chambers through a plug in the valve annulus while simultaneous pressure measurements were made. Measurements are shown with the contralateral ventricle at 10 mm Hg transmural pressure and the pericardium in place. ventricular free wall mass, but not septal or left ventricular free wall mass, was greater after 10 days of mild pulmonary hypertension. Likewise, right ventricular wall thickness by either method of calculation was greater in the experimental group, whereas left ventricular free wall and septal thicknesses were not different. External ventricular measurements and cast measurements were not different between experimental and control animals when values were normalized for body weight. Circumferential Radii of Curvature and Wall Thickness The results for 10 normal hearts reported previ-ously9 and for the seven hearts with mild pulmonary hypertension are shown in Table 5 . As before, cardiac dimensions were normalized for the disparity in animal size; the ratio of radius to wall thickness, however, was not. Ten days of mild pulmonary hypertension did not change left ventricular radii or wall thickness except for a small reduction in the ratio of radius to wall thickness for the top cut. In the right ventricle, the radius-towall thickness ratio was importantly reduced in the top and middle cuts, almost entirely because of the increase in wall thickness.
Discussion
To the best of our knowledge, the data reported herein represent an accurate approximation of the normal fetal cardiac adaptation to mild pulmonary hypertension. Hemodynamic values, blood gases, pH, and hematocrit are similar to values reported from our laboratory",2'6'7 and others20,21 regarding chronically instrumented fetal lambs that were thought to be well. We found no evidence of hemodynamic or blood gas deterioration during 10 days of mild pulmonary hypertension. Thus, the results reported are likely due to the hemodynamic burden imposed rather than a more generalized response to chronic hypoxemia. Each instrumented animal served as its own control during the course of the study. However, the effect of fetal age on the arterial pressure-stroke volume relation has not been characterized previously. Thus, we felt it was important to assess this parameter of function serially in an identically instrumented animal that did not undergo chronic mild pulmonary hypertension. The stability of the stroke volume-arterial pressure relation on the same day and sequentially over 10 days was remarkable and contrasted sharply with the improved function of the animals with mild pulmonary hypertension. In addition, a control group for ventricular pressure-volume relations and ventricular morphometry measurements was necessary because these measurements could only be made postmortem. For these purposes, we used a contemporaneous investigation of normal near-term fetal lamb pressure-volume relations and morphometry that used identical methods. 9 We believe that the improved function after pressure loading manifest as a decreased slope of the stroke volume-pulmonary arterial pressure relation is a novel finding for the fetal lamb right ventricle but is predictable from knowledge of the effects of physiological hypertrophy on newborn and adult myocardium.22,23 In addition, the improved right ventricular function noted in chronically hypoxic fetal lambs24 also may be due to mild pressure loading. Clearly, right ventricular mass was increased in the experimental group, and this resulted in increased wall thickness and a reduced radius-to-wall thickness ratio. This adaptation is well known to normalize or reduce wall stress and results in normal or supernormal shortening despite increased systolic pressure. 22 An important finding was the reduction in right ventricular volume manifest by a left shift of the passive pressure-volume curve with a trend for reduced cast volume. This finding may be analogous to the reduced right ventricular end-diastolic volumes found in children with pulmonic stenosis and rightto-left interatrial shunts.23 A similar reduction in left ventricular volume was unexpected. Left ventricular end-diastolic volumes in children with pulmonic stenosis and right-to-left atrial shunting are increased. 23 Thus, there appears to be a direct and perhaps indirect effect of mild pulmonary artery hypertension on the fetal heart. The first effect is the anticipated increase in right ventricular mass and improved function related to geometry. The second appears to be a generalized reduction in cardiac volume. The genesis of the latter effect is unclear. The left shift in right ventricular pressure-volume relations may be associated with the changes in right ventricular mass. The changes in the left ventricular pressure-volume relation might be ascribed to altered right ventricular mass or septal compliance but also might be due to intrinsic changes in the left ventricle. We could detect no changes in filling pressure, suggesting that atrial pressure is an unimportant regulator of cardiac volume during development or that the changes which result in alterations in cardiac volume are too subtle to measure by our techniques. Another possibility is that mild pulmonary hypertension alters a systemic humoral agent or an autonomic nervous system stimulus to cardiac growth in the fetus. In the extreme case, our findings may suggest a mechanism for the developmental failure of the right or left side of the heart that occurs in the congenital heart syndromes hypoplastic left or right heart.
Our ventricular morphometric findings are similar to those recently reported by Momma and Takao25 for fetal rats given indomethacin in utero, except that they found left ventricular dilation. The rapidity of reduced right ventricular cavity size and increased mass in their model was striking, with significant changes at 24 hours. The reason for the conflicting finding regarding changes in left ventricular volumes is unclear. One possibility is that their experimental rats had congestive heart failure with elevated filling pressures, and because of methodological restrictions, the experimental groups were fixed at a higher filling pressure (volume) than controls.
The improved right ventricular function noted in the bottom panel of Figure 6 may be related solely to the alterations in right ventricular geometry. Previous studies comparing right and left ventricular stroke volume-arterial pressure relations in the mature fetal lamb have shown a regression coefficient of -2.5% stroke volume.mm Hg`1 for the right ventricle and -0.5% stroke volume.mm Hg-1 for the left ventricle.7 With mild pulmonary artery hypertension, we found a coefficient for the right ventricle of -0.7% stroke volume.mm Hg-1, a result not different from the normal left ventricle. Similarly, the ratio of right ventricular radius and wall thickness for the middle of the ventricle was substantially reduced in the ventricles with mild pulmonary hypertension to levels close to those found in the normal left ventricle. These findings do not refute other possibilities, including altered contractile function or percent of contractile protein in the right ventricle with mild pulmonary hypertension, but the geometric alterations may be sufficient to explain the changes noted. These findings may have important implications for operative interventions in fetal congenital heart disease.
The mechanism by which ventricular mass is increased, that is, by hypertrophy or hyperplasia, was not investigated. The fetus appears to be unique in its ability to increase the number of myocytes during development, whereas soon after birth the postnatal animal can increase mass only through hypertrophy.2627 The former adaptation has theoretical advantages because of possible functional limitations on the absolute size of myocytes imposed by the need to nourish the cells from the exterior. Thus, while mild pressure loading of the fetal right ventricle clearly improves performance, the long-term benefit if any of such an intervention in utero may well hinge on the mechanisms for the increase in mass. Studies of fetal myocyte number and size and associated vascularity during in utero volume and pressure loading should be illuminating. The heterogeneity of right and left ventricular myocyte size reported recently by Smolich et al12 in fetal and early neonatal lamb hearts is interesting. Their finding of larger right than left ventricular myocytes in these lambs is consistent with higher right than left ventricular afterload, if loading conditions affect myocyte size. Fishman et a128 did not find myocyte enlargement, although a thorough morphometric study is required to settle this issue.
